The French version of the Yale Food Addiction Scale (YFAS), used to evaluate food addiction symptomatology, has only been validated among the general population. The aim of this study was thus to explore the psychometric properties (factor structure, internal consistency, convergent and divergent validity) of the French version of the YFAS in a clinical sample, namely individuals suffering from severe obesity and awaiting bariatric surgery. Participants (N = 146; mean BMI = 48.29 kg/m 2 ) were recruited at the Quebec Heart and Lung Institute (Canada) during their pre-operative visit. They were asked to complete questionnaires, including the YFAS. Factorial and correlational analyses were performed. Some items had to be removed from the factorial analysis due to a lack of variability (#4, #10, #11, #12, and #22) and low factor loading (#24). The analysis conducted on the remaining 16 items revealed a one-factor structure, with factor loadings higher than .30 and excellent internal consistency (α = .92). The present findings are consistent with previous validation studies of samples presenting obesity and support the use of a 16-item version of the French YFAS among bariatric candidates. However, the need for further investigation remains important in order to better assess the stability of the instrument when used in clinical samples.
Introduction
The growing interest of many researchers in the field of obesity has recently led to a rapidly expanding body of literature regarding the concept of food addiction (FA) . Briefly stated, the concept of FA was developed based on similarities between the effect of sweet and high-fat foods and psychoactive substances, observed in animal and neuroimaging studies (Davis & Carter, 2009) . Following the DSM-IV-TR substance dependence diagnostic criteria (American Psychiatric Association, 2000) , the Yale Food Addiction Scale (YFAS) was developed as a self-reported questionnaire designed to operationalize FA (Gearhardt, Corbin, & Brownell, 2009 ). Since its development, the YFAS has remained the only questionnaire available to investigate the concept of FA.
The YFAS consists of 25 items assessing the seven diagnostic criteria of substance dependence as well as the associated functional impairment/clinically significant distress and presents two scoring options: one based on the fulfilled items and another based on the fulfilled criteria. Gearhardt and colleagues (2009) first proceeded to the validation of the YFAS in a sample of undergraduate students. Analyses examining the item-based scoring option showed a one-factor structure as well as good internal consistency (α = .86), when removing item 24. This item, which assesses failed attempts to reduce highly palatable food consumption, was considered problematic in light of low factor loading and poor correlations with the remaining items. Similarly, analyses examining the criteria-based scoring option showed a one-factor structure and satisfying internal consistency (α = .75). Correlational analyses also suggested good convergent validity with measures of related constructs (eating pathology; r ranging from .46 to .61) and divergent validity with measures of related but independent constructs (alcohol consumption and impulsivity; r ranging from −.03 to .35) for both scoring options. Regarding divergent validity, an absence of association has also been noted between FA and dietary restraint (Gearhardt, White, Masheb, Morgan, Crosby, & Grilo, 2012; Gearhardt, White, Masheb, & Grilo, 2013; Meule, Heckel, Jurowich, Vogele, & Kubler, 2014) .
The YFAS has also been validated among individuals from the general population (Brunault, Ballon, Gaillard, Réveillère, & Courtois, 2014) , individuals presenting obesity (Davis, Curtis, Levitan, Carter, Kaplan, & Kennedy, 2011) , individuals suffering from various eating disorders (Gearhardt et al., 2012; Granero et al., 2014) , individuals seeking weight-loss treatments (Innamorati et al., 2015; Nantha, Patah, & Pillai, 2016) , and individuals awaiting bariatric surgery (Clark & Saules, 2013; Meule, Heckel, & Kubler, 2012) . A closer look at these validation studies has shown that comparable psychometric properties were found when the YFAS was examined among similar samples according to BMI. For example, results from the general population (mean BMI around 23.00 kg/m 2 ) have shown a one-factor structure, when item 24 was removed from the analyses (Gearhardt et al., 2009; Brunault et al., 2014; Granero et al., 2014; Torres et al., 2017) . However, results from samples presenting a higher mean BMI (around 40.00 kg/m 2 ) revealed that some additional items were problematic and had to Psychology be removed in order to observe a stable one-factor structure (Innamorati et al., 2015; Nantha et al., 2016; . In sum, these results highlight the fact that the YFAS may behave differently depending on the recruited sample.
Furthermore, the original version of the instrument has been translated and adapted in German, Spanish, French, Italian, Chinese, Malay, and Portuguese (Meule, Vogele, & Kubler, 2012; Granero et al., 2014; Brunault et al., 2014; Innamorati et al., 2015; Chen, Tang, Guo, Liu & Xiao, 2015; Nantha et al., 2016; Torres et al., 2017) . Regarding the French version more specifically, it was adapted by researchers in France (Brunault et al., 2014) and validated among individuals from the general population. It is the only validation study that has explored an alternative two-factor structure. According to the authors, the first factor appeared to represent FA symptomatology, while the second factor composed of items 10, 11, 15, 16, 22 , and 25 appeared to represent individuals' insight pertaining to their FA symptoms. While the French version has shown good psychometric properties in a non-clinical sample, it has not yet been validated among clinical samples. In light of the sample-dependent differences underlined above and as mentioned by the authors of the original YFAS (Gearhardt et al., 2009 ) and its French version (Brunault et al., 2014) , validation studies in both non-clinical and clinical samples are essential in order to fully use the YFAS and explore FA among various groups. Moreover, the necessity for cross-cultural adaptations when a self-reported instrument is used across different countries and cultures has previously been highlighted (Beaton, Bombardier, Guillemin, & Ferraz, 2000) .
The aim of the present study was to examine the psychometric properties of the French version of the YFAS in a clinical sample. Bariatric candidates were chosen considering that these individuals suffering from severe obesity present greater risks for physical and psychological complications (World Health Organization, 2017) and that FA prevalence rates as high as 54% have been found in such clinical sample (Clark & Saules, 2013) . The need for a valid instrument to assess FA in this sample was therefore deemed essential. It was hypothesized that a one-factor solution would be observed, despite some problematic items. It was also expected to find good internal consistency as well as good convergent validity (strong correlations of the YFAS with binge eating and food cravings) and good divergent validity (mild correlation of the YFAS with impulsivity and near-zero correlations of the YFAS with dietary restraint and addictive tendencies towards alcohol and drugs).
Methods

Participants and Procedure
The present study was approved by the Research Ethics Committee of the Quebec Heart and Lung Institute. Participants were recruited through the activities of the Research Chair in Bariatric and Metabolic Surgery at the Heart and Lung Institute Research Centre in Quebec City. They were considered eligible for the study if they were aged between 18 and 50 years old, presented a BMI of 35. (Meule & Gearhardt, 2014) . A criterion is considered fulfilled when the respondent endorses at least one item pertaining to the criterion. Two scoring options are available: the first is in the form of a total symptom count and is obtained by summing up the fulfilled criteria (except the functional impairment/clinically significant distress criterion), ranging from zero to seven and indicating FA severity, and the second is in the form of a "FA diagnosis", indicating the presence of such diagnosis if three or more criteria are fulfilled in addition to the endorsement of functional impairment/clinically significant distress.
Impulsivity
The Barratt Impulsiveness Scale-Brief (BIS-Brief) (Steinberg, Sharp, Stanford, & Tharp, 2013 ) is the brief version of the Barratt Impulsiveness Scale (Barratt, 1959) . It is composed of eight of the original items, namely items 1, 2, 5, 8, 9, 12, 14, and 19. Respondents are instructed to answer on a four-point Likert scale, ranging from one (never/rarely) to four (often/always), depending on the frequency of occurrence of the different behaviors presented. A total score is obtained by adding up all items: higher total scores are associated with higher levels of impulsivity. In the context of the present study, the internal consistency of the BIS-Brief was satisfying (α = .70).
Binge Eating
The Binge Eating Scale (BES) (Gormally, Black, Daston, & Rardin, 1982) Substance taken in larger amounts and for longer periods than intended 1. I find that when I start eating certain foods, I end up eating much more than planned. 0 -3 4 2. I find myself continuing to consume certain foods even though I am no longer hungry. 0 -3 4 3. I eat to the point where I feel physically ill. 0 -2 3 -4
Much time/activity to obtain, use, recover 5. I spend a lot of time feeling sluggish or fatigued from overeating. 0 -2 3 -4 6. I find myself constantly eating certain foods throughout the day. 0 -3 4 7. I find that when certain foods are not available, I will go out of my way to obtain them. For example, I will drive to the store to purchase certain food options available to me at home. 
Food Cravings
The Food Craving Questionnaire-Trait (FCQ-T) (Cepeda-Benito, Gleaves, Williams, & Erath, 2000) is a self-reported questionnaire composed of 37 items and designed to evaluate nine dimensions of food cravings. In the trait version of the FCQ, participants have to indicate how often each statement "would be true for them in general" using a six-point Likert scale, ranging from never to always. Only the FCQ-T total score was used considering that all subscales were strongly correlated in the present sample (r ranging from .52 to .84, all p < .001). Relatedly, the overall internal consistency was excellent (α = .98).
Restraint Eating
The Eating Disorder Examination (EDE) (Cooper & Fairburn, 1987) was used in order to measure restraint eating. The EDE is a semi-structured interview and consists of 62 items evaluating eating-related behaviors from the past four weeks. Only the question pertaining to dietary restraint "Have you been deliberately trying to limit the amount of food you eat to influence your shape or weight (whether or not you have succeeded)" was of interest in the context of the present study. Answers were given on a seven-point Likert scale, ranging from zero (never) to six (everyday).
Addictive Tendencies towards Alcohol and Drugs
The Shorter PROMIS Questionnaire (SPQ) (Christo, Jones, Haylett, Stephenson, Lefever, & Lefever, 2003 ) is a self-reported questionnaire divided in 16 subscales, each evaluating addictive tendencies in regards to various substances or activities. In consistence with previous validation studies, the subscales related to alcohol consumption and recreational drug use were specifically considered in the present study. Both subscales are made of ten items where respondents are asked to indicate, on a six-point Likert scale, the extent to which the items apply to them (from "not like me", scored zero, to "like me", scored five). In the present sample, both the alcohol and the drug subscales showed good internal consistency (α = .87 and α = .89, respectively).
Data Analytic Plan
The present analyses were based on the procedures described by Gearhardt and colleagues (2009) and Brunault and colleagues (2014) in their validation studies. In order to examine the factorial structure of the instrument in its severity form (symptom count scoring option), an exploratory factor analysis based on the 22 transformed items (excluding the primer items 17, 18, and 23) was conducted. Psychology
For the diagnosis form of the instrument (diagnosis scoring option), an exploratory factor analysis was also conducted based on the seven diagnostic criteria as well as on the functional impairment/clinically significant distress criterion. The final number of factors to extract was confirmed by a scree test procedure based on eigenvalues (Cattell, 1966) . Internal consistency was established using the ordinal alpha coefficient for dichotomous data (Zumbo, Gadermann, & Zeisser, 2007) . MPlus Statistical Package was used considering the dichotomous nature of the data and a robust weighted least squares (WLSMV) estimator with a polychoric correlation matrix coefficient was chosen for factor extraction (B Muthén, SHC du Toit, & D Spisic, unpublished data). For both the severity and the diagnosis forms of the YFAS, construct validity was assessed using correlational analyses. Pearson's r was used for all variables, except for the alcohol and the drug subscales of the SPQ, for which Spearman's ρ was used because of the variables' abnormal distributions. Correlational analyses were conducted using Statistical Package for Social Sciences (SPSS).
Results
Factorial Structure of the YFAS
Originally based on the 22 items of the French YFAS, the exploratory factor analysis for the symptom count scoring option required the removal of five items, namely items 4, 10, 11, 12, and 22, due to an absence of variability. In fact,
MPlus warned that one of the response options for each of these items was poorly represented within the sample: for instance, item 22 was endorsed by many participants (94%), while items 4, 10, 11, and 12 were endorsed by few participants (endorsement rates ranging from 1% to 10%). Furthermore, the exploratory factor analysis conducted on the remaining 17 YFAS items showed that item 24 had low factor loading (0.271), thus suggesting its removal. A final exploratory factor analysis, conducted on the remaining 16 YFAS items, revealed the presence of five factors with eigenvalues higher than 1.00 (7.28, 2.21, 1.34, 1.19, 1.01). However, the examination of the scree plot (Figure 1 ) suggested that a one-factor solution would be most appropriate, accounting for 47% of the explained variance and yielding excellent internal consistency (α = .92) ( Table 2) .
When using the symptom count scoring option of the 22 YFAS items, it was found that participants endorsed an average of 2.66 (SD = 1.65) symptoms, in comparison to 2.16 (SD = 1.78) symptoms when using the remaining 16 YFAS items.
Regarding the diagnosis scoring option, the criterion "Persistent desire or repeated unsuccessful attempts to quit" was vastly endorsed (97%) and thus could not be considered in the exploratory factor analysis. The exploratory factor analysis was then conducted on the remaining criteria, namely the six diagnostic criteria and the functional impairment/clinically significant distress criterion, and suggested a one-factor solution with only one eigenvalue higher than 1.00 (4.01). Under this one-factor solution, accounting for 53% of the explained Psychology variance, all factor loadings were higher than .50 and internal consistency was good (α = .88) (Table 3) . When using the diagnosis scoring option of the integral YFAS, it was found that 18% of participants suffered from FA, in comparison to 14% when using the remaining criteria.
Construct Validity of the YFAS
The following correlational analyses were conducted using the 16-item version of the YFAS (symptom count scoring option) as well as the six criteria accompanied by the functional impairment/clinically significant distress criterion (diagnosis scoring option). In regards to convergent validity, correlational analyses revealed strong statistically significant correlations between the YFAS symptom count and scores on the BES (p < 001) and the FCQ-T (p < 001). Similar results were observed when the diagnosis scoring option of the instrument was used (BES p < 001; FCQ-T p < 001) (Table 4 ). In regards to divergent validity, the correlations between the YFAS symptom count and scores on the SPQ alcohol and drug subscales were non significant (p = .803; p = .179, respectively), while correlations between the YFAS symptom count and scores on the BIS-Brief and the EDE dietary restraint subscale were mild but significant (p = .004; p = .019, respectively). Results regarding the YFAS diagnosis scoring option were slightly different: non-significant correlations were observed between the YFAS diagnosis and scores on the SPQ alcohol subscale (p = .959), the SPQ drug subscale (p = .101), the BIS-Brief (p = .110), and the EDE dietary restraint subscale (p = .215) ( Table 4) .
Discussion
Results from the exploratory factor analyses revealed a one-factor solution. The alternative two-factor solution, as found by Brunault and colleagues (2014),
could not be observed in the present study. Both the nature of the samples and Note. YFAS_S-Yale Food Addiction Scale symptom count scoring option; YFAS_D-Yale Food Addiction
Scale diagnosis scoring option; BES-Binge Eating Scale; FCQ-T-Food Craving Questionnaire-Trait; BIS-B-Barratt Impulsiveness Scale-Brief; SPQ_A-Shorter PROMIS Questionnaire alcohol subscale; SPQ_ D-Shorter PROMIS Questionnaire drug subscale; EDE_R-Eating Disorder Examination restraint subscale. *p < .05; ** p < .01; *** p < .001.
cross-cultural adaptations could account for this result (Beaton et al., 2000; Osborne & Fitzpatrick, 2012) . In addition, some items were identified as problematic in the midst of analyses. Similar results regarding problematic items were previously reported among clinical samples. For instance, low factor loadings for items 22, 24, and 25 were observed in a sample of bariatric candidates (Meule, Heckel, & Kubler, 2012) , low factor loadings for items 10 and 11, as well as items 22, 24, and 25 were observed in a sample of individuals seeking weight-loss treatment (Innamorati et al., 2015) , and low factor loadings for items 19, as well as items 22, 24, and 25 were observed in a sample of patients with obesity from a primary care clinic (Nantha et al., 2016) . These results are different than those obtained in samples of students (Gearhardt et al., 2009) , individuals from the general population (Brunault et al., 2014; Torres et al., 2017) , or individuals with lower BMI presenting eating disorders (Granero et al., 2014) , where only item 24 was problematic. As put forward by Osborne & Fitzpatrick (2012) , results from exploratory factor analyses are particularly difficult to replicate and to generalize from one sample to the other, as the factor structure obtained is somewhat dependent on the sample within which the instrument is used. This could help explaining why similar results are obtained when the factor structure of the YFAS is investigated among samples presenting similar mean BMI, but behave differently when comparing different samples. In sum, the removal of problematic items when clinical samples are involved could lead to a more accurate identification of individuals suffering from FA.
A closer look at the specific problematic items revealed that almost all items associated with the criterion "Persistent desire or repeated unsuccessful attempts to quit" were identified as problematic. This criterion, which was endorsed by a high percentage of participants in the present study (97%), was also vastly endorsed in other studies conducted among individuals suffering from obesity, for
A.-S. Ouellette et al. Psychology example at 95% (Meule, Heckel, & Kubler, 2012) , 91% (Innamorati et al., 2015) , and 94% (Nantha et al., 2016) . These high percentages of endorsement demonstrate that this criterion cannot discriminate individuals suffering from obesity who present FA from those who do not, but rather reflect the fact that dieting and weight cycling are common in samples afflicted with weight problems. The fact that items 22 and 24 are assessed on a yes or no basis ("I want to cut down or stop eating certain kinds of food" and "I have been successful at cutting down or not eating these kinds of food") certainly contributes to the high endorsement of the criterion "Persistent desire or repeated unsuccessful attempts to quit", as individuals suffering from severe obesity may have at least once tried to cut down eating certain kinds of food and may have at least once been unsuccessful in doing so. Yet, many instruments assessing dependency and from which the YFAS was inspired (for example, the Exercise Dependence Scale-21; Hausenblas & Downs, 2002) refer to a continuous severity scale for measuring attempts to quit. It would therefore be relevant to modify these dichotomous items when the YFAS is administered to clinical samples, in order to get closer to the reality of those encountering more severe weight and eating difficulties. Also problematic, items 10 and 11 refer to the criterion "Important social, occupational, or recreational activities given up or reduced", which was poorly endorsed in the present sample (8%). Items reflecting the tendency to withdraw from activities may not be specific enough when it comes to individuals awaiting bariatric surgery. It is also plausible that individuals suffering from severe obesity may have already withdrawn from various activities, thus keeping their everyday lives to basic endeavors (for instance, working and taking care of the kids), or may have learned to live with their condition to a point where they no longer base their daily decisions on their eating and weight difficulties (for example, item 10 "There have been times when I avoided professional or social situations where certain foods were available, because I was afraid I would overeat" was endorsed by 1% of the participants). In order to capture a complete picture of FA, the concerns raised by the aforementioned findings will have to be taken into account when the YFAS as well as updated versions of the instrument are used among individuals suffering from severe obesity.
Regarding convergent validity, results showed that FA was strongly associated with binge eating and food cravings, which is consistent with our hypotheses and findings from the FA literature. Results related to divergent validity did not however fully correspond to our hypotheses. More specifically, the relationship between FA diagnosis and impulsivity was found to be mild but non-significant.
While the number of FA criteria has been linked with impulsivity in different ways (Murphy, Stojek, & MacKillop, 2013; Pivarunas & Conner, 2015) , the link between FA diagnosis and impulsivity is not as clear as various facets of impulsivity do not consistently differ between individuals with and without a FA diagnosis Davis et al., 2011) . Moreover, the relationship between the number of FA symptoms and restraint was found to be mild and sig-Psychology The aforementioned results are to be interpreted in light of some limitations.
First, the sample was considerably homogenous. Although representative of the Quebec City population, it would be interesting to extend data collection to a wider range of individuals in order to ensure generalization of the present results. Second, the sample size was relatively small. Even though it respects the guidelines provided by various authors (Guadagnoli & Velicer, 1988; Streiner, 1994) , the fact that larger sample sizes increase the stability and decrease the variability of factor loadings across samples remains important to consider (MacCallum, Widaman, Zhang, & Hong, 1999) . Lastly, participants were recruited at their preoperative visit approximately three months prior to the bariatric surgery. Participants may have already made changes in their eating habits with the help of a dietician and/or may have answered in a socially desirable manner, even though they were informed that their answers to the questionnaires would remain confidential and would not jeopardize their eligibility for the surgery.
Future experiments would benefit from testing participants earlier in the process leading to the bariatric surgery.
Conclusion
Based on the data from the present study, it is possible to conclude that the French version of the YFAS could be well suited for use in a French-speaking clinical sample, following the removal or modification of problematic items. Indeed, six items included in the original YFAS (#4, #10, #11, #12, #22, and #24)
did not appear to be appropriate when used among individuals suffering from severe weight difficulties. Attending to these problematic items will be crucial when using the YFAS and its ulterior versions to screen for possible FA among bariatric candidates. This study has important implications, as it is the first to validate the French version of the YFAS in a clinical sample and to explore the concept of FA in a subset of the French-Canadian population. It is hoped that it will facilitate further investigation of this relatively new concept by setting the necessary basis for future research and will pave the way for a deeper understanding of FA in the bariatric context.
